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including aluminum powder
process to form an aluminum substrate

Forming a scribe line
Forming a package layer
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Providing an anodized and a cathodized fo1l
Employing a winding process to wind the foil
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METHOD FOR FABRICATING SOLID
ELECTROLYTIC CAPACITORS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The instant disclosure relates to a method for fabricating
solid electrolytic capacitors; 1n particular, a method for
improving fabrication of solid electrolytic capacitors.

2. Description of Related Art

As technology rapidly evolves 1n the semiconductor indus-
try, the demand for products requiring the use of semiconduc-
tors as well as the development of a more advanced, sophis-
ticated electronic components become increasingly high.
Semiconductor technologies such as tlip chip packaging tech-
nology, laminated substrate design, and passive components
design have an indispensable position 1n the semiconductor
industry.

Take flip chip or ball gnd array package structure for
example, chips are configured on and electrically connected
to the surface of the packaging substrate which 1s aggregated
and formed from multiple layers of patterned circuits, and
insulating layers. The patterned circuits are made by etching
via photolithography while an insulating layer 1s disposed
between two neighboring patterned circuits. Furthermore, in
order to obtain the desired electrical characteristics for the
package substrate, the substrate 1s further arranged with pas-
stve components such as capacitors, inductors and resistors
which may be electrically connected to the chips and other
clectronic components through internal wiring of the sub-
strate.

Among passive components, capacitors are classified
according to the type of electrolyte applied, and can generally
be categorized into liquid electrolytic capacitors and solid
clectrolytic capacitors. While the life span of the former 1s
determined by the drying time of the liquid electrolyte, the
latter uses a solid electrolyte, therefore eliminating the danger
of drying electrolyte and providing a longer capacitor life
span.

Traditional surface mounted tantalum solid capacitors usu-
ally comprise anode elements made from tantalum powder.
However, the tantalum powder 1n the anode element leads to
a relatively high techmical threshold. For example: 1n order to
increase overall capacitance, small particle size 1s essential to
increase the overall reactive surface and consequently, the
capacitance.

However, smaller particle size of the tantalum powder
requires additional processing efforts to achieve. Thus, the
smaller the particle size 1s required, the more processing 1s
required to produce the desired size, and as a result, increases
the costs. In addition, tantalum particles of smaller size make
permeation of the cathode agent more difficult. Furthermore,
since only after high-temperature sintering will the tantalum
powder be able to form the tantalum sintered bodies on a
substrate, the high-temperature sintering process required 1n
the fabrication of traditional surface mounted solid capacitor
renders the entire fabrication process more complex.

Additionally, prior art illustrates a multi-layer micro-ca-
pacitor comprising a stacked structure of multiple metal lay-
ers and dielectric layers, thus facilitating the miniaturization

ol capacitors, thereby increasing the scope ol applications.
However, such a structure comes with a higher cost, a high
probably of short-circuiting, and a plurality of complex pro-
cesses during fabrication and assembly.

10

15

20

25

30

35

40

45

50

55

60

65

2

To address the above 1ssues, the inventor strives via asso-
ciated experience and research to present the mnstant disclo-
sure, which can effectively improve the limitation described
above.

SUMMARY OF THE INVENTION

In order to simplity the complexity of the process, reduce
manufacturing costs, and obtain a high yield of the solid
clectrolyte capacitor, the instant disclosure provides a method
for improving fabrication of a solid electrolytic capacitor.
According to the first embodiment of the instant disclosure,
the method includes an 1insulating substrate having formed a
plurality of aluminum powder containing conductive gel bod-
1es. The conductive gel bodies are arranged 1n a matrix for-
mation, wherein a scribe line 1s defined between every two
adjacent conductive gels. Thereafter, a high-temperature sin-
tering process 1s applied on the conductive gel to form a
complex aluminum substrate. Next, a dielectric layer 1is
formed at the surface of each of the aluminum substrate, and
then an 1solation layer 1s formed at each of the dielectric layer
to define an anodic region and a cathodic region. Succes-
stvely, on each of the cathodic region, an electrically conduc-
tive layer 1s formed on the surface of the dielectric layer
resulting in a solid electrolytic capacitor unit

According to a second embodiment, the improved method
includes an aluminum powder being cold compressed to form
an aluminum pellet, followed by coating the surface of the
aluminum pellet with a dielectric layer, and successively
coating a conductive layer on the surface of the dielectric
layer.

In summary, one of the embodiments of the instant disclo-
sure, the conductive gel including aluminum powder 1s
formed on the 1nsulating substrate by partial screen printing,
and then the conductive gel 1s sintered to form the aluminum
substrate. As a result, one skilled 1n the art can accurately
controls the thickness and size of the aluminum substrate,
enhances the yield of the capacitor, and can also effectively
simplity the complexity of the manufacturing process. Thus,
reducing manufacturing costs and process time. In the second
embodiment, aluminum pellets are formed by cold compress-
ing an aluminum powder without a high-temperature sinter-
ing process resulting 1 an anode element with higher struc-
tural strength. Consequently, with such simplified
manufacturing process, the complexity, cost, and process
time of the capacitor fabrication are greatly reduced.

In order to further understand the instant disclosure, the
following embodiments and 1llustrations are provided. How-
ever, the detailed description and drawings are merely 1llus-

trative of the disclosure, rather than limiting the scope being
defined by the appended claims and equivalents thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a flow chart illustrating a method for improving,
fabrication of solid electrolytic capacitors according to a first
embodiment of the instant disclosure;

FIG. 2 1s a cross-sectional view of a method for improving
fabrication of solid electrolytic capacitors according to the
first embodiment of the instant disclosure;

FIG. 3 1s a top view of a method for improving fabrication
ol solid electrolytic capacitors according to the first embodi-
ment of the instant disclosure:

FIG. 4 15 a flow chart illustrating a method for improving,
tabrication of solid electrolytic capacitors according to a sec-
ond embodiment of the instant disclosure;
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FIG. 5 1s a cross-sectional view of a method for improving
tabrication of solid electrolytic capacitors according to the
second embodiment of the instant disclosure;

FIG. 6 1s a flow chart 1llustrating a method for improving,
tabrication of solid electrolytic capacitors according to a third
embodiment of the instant disclosure; and

FIG. 7 1s a cross-sectional view of a method for improving,
fabrication of solid electrolytic capacitors according to the
third embodiment of the 1nstant disclosure.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The 1nstant disclosure 1s a method for improving fabrica-
tion of the solid electrolytic capacitors especially suitable for
the manufacturing of chips. Replacement of tantalum powder
with aluminum powder further improves the problem
encountered during the fabrication of the tantalum capacitors,
and simplifies the fabrication of the multi-layer capacitor

First Embodiment

FIG. 1 1s a flow chart for a first embodiment of the method,
and 1n conjunction with FIGS. 2 and 3, the method 1s further
explained 1n details.

Initially, an msulating substrate 10, preferably an alumi-
num oxide (Al,O;) substrate, 1s provided.

Next, a conductive gel (not shown i1n figures) including
aluminum powder 1s formed, preferably formed by a thermo-
setting resin containing from about O wt % to about 50 wt %,
a powder of aluminum contaiming from about 30 wt % to
about 100 wt %, and a curing agent containing from about O
wt % to about 50 wt %. The thermosetting resin 1s preferably
an epoxy resin but 1s not limited thereto. Moreover, to
improve conductivity, the particle size of the aluminum pow-
der ranges from 0.05 to 5 microns. The aluminum powder can
be pre-treated 1n order to provide uneven surfaces for obtain-
ing more surface areas. The most suitable curing agent 1s
preferred to be latent curable. Furthermore, the conductive
gel may contain mnorganic filler from about O wt % to about 50
wt % to reduce linear expansion. Examples of inorganic fillers
contemplated for use 1n the conductive gel are silica, alumi-
num oxide, or aluminum hydroxide. The conductive gel can
be formed on the isulating substrate 10 via techniques such
as printing, spray-coating, or similar fashion, and is arranged
in a matrix arrangement. Between every two adjacent con-
ductive gels, a scribe line 101 1s defined therebetween for
facilitating substrate cutting in the process thereaiter. Prefer-
ably, the conductive gel 1s formed on the insulating substrate
10 via partial screen printing for the precise control of length
and thickness of the conductive gel formed, thus reduces
fabrication cost and process time.

Asthe conductive gel 1s cured (metalized) on the insulating
substrate 10, a complex aluminum substrate 11 (a sintered
body of the conductive gel) 1s formed on the insulating sub-
strate via a high temperature sintering process. Preferably, the
temperature and the time of the high temperature sintering
process ranges from 300° C. to 550° C., and from 0.5 hour to
1.5 hours, respectively.

Moreover, the msulating substrate 10 and the aluminum
substrate 11 are chemically treated, preferably anodized 1n
the 1nstant embodiment, to form an oxidized film, preferably
an nsulating alumina spacer, onto the surface of the isulat-
ing substrate 11, thus forming a dielectric layer 12. Further-
more, the chemical treatment may also use electrochemical
formation or chemical solution to control the thickness of the
dielectric layer 12 being formed. The dielectric layer 12 of the
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first embodiment 1s produced by an ammonium adipate
based, a phosphoric acid based or the combination solution

thereof. An alternative to the chemical treatment of the first
embodiment 1s to immerse the insulating substrate 10 and the
aluminum substrate 11 into an electrolyte bath for cross oxi-
dation, heat treating and therefore producing a dense dielec-
tric layer 12, preferably an oxidized film.

Furthermore, an 1solation layer 13 such as an insulating
resin 1s formed on the center surface of the dielectric layer 12
for 1solating an anode capacitance 15 from a cathode capaci-
tance 16 arranged on two opposite sides of the 1solation layer
13, thus defining an anodic region A and a cathodic region C
on the msulating substrate 10.

In addition, a conductive layer 14 including a conductive
polymer layer 141, a carbon gel layer 142, and a silver gel
layer 143 preferably arranged in the cathodic region C 1is
formed on the surface of the dielectric layer 12. Specifically,
the conductive polymer layer 141 1s first formed on the dielec-
tric layer 12, then the carbon gel layer 142 1s formed on the
conductive polymer layer 141, and sequentially the silver gel
layer 143 1s formed on the carbon gel layer 142 resulting 1n
the conductive layer 14 and the cathode capacitance 16. The
aluminum substrate 11 covered by the dielectric layer 12 and
oppositely arranged from the cathode capacitance 16 of the
1solation layer 13 1s the anode capacitance 15. As a result, a
solid electrolytic capacitor unit 100 1s fabricated.

Moreover, the conductive polymer layer 141 1s formed as a
f1lm by evenly coating a conductive polymer solution onto the
surface of the dielectric layer 12 through a field-effect con-
trolled precision coating technique, thus providing solid elec-
trolytic qualities. The preferred conductive polymer maybe
polyaniline, polypyrrole or polythiophen while the most pre-
terred conductive polymer layer 141 1s polyaniline. The com-
position of the conductive polymer solution includes anilines,
oxidants and dopants. The carbon gel layer 142 can be formed
by conductive gel, carbon paste. However, the form of the
carbon gel layer 142 i1s not limited to the samples of the
embodiment provided therein.

Furthermore, the solid electrolytic capacitor unit 100 1s cut
into a plurality of solid electrolytic capacitors 1 by preciously
cutting the insulating substrate 10 conformingly along the
scribe lines 101.

Successively, the anode capacitance 15 and the cathode
capacitance 16 are separately arranged on a lead frame of a
supporting member (not shown) to form two opposing elec-
trodes. The solid electrolytic capacitor 1 1s covered with
coating materials such as heat and electrically insulating res-
ins, then cured and aged to form a package structure and
tacilitate soldering the package structure onto circuit boards
via surface-mount technology (SMT)

Second Embodiment

FIG. 4 1s a flow chart and 1n conjunction with FIG. 5
illustrate a second embodiment for the method. Foremost, a
powder of aluminum 1s provided. The aluminum powder may
contain a binder such as camphor, stearic acid, polyvinyl
alcohol, or naphthalene. The preferred aluminum powder 1s
formed with the binder while the preferred weight percent of
the binder ranges from 3 to 5%.

Next, a thoroughly mixed aluminum powder and binder
mixture 1s cold compressed into a plurality of rectangular
parallelepiped aluminum pellets 21 with a compression
molding process. Preferably, the cold press load ranges from
3 to 15 MN/m” to provide the desired bulk density. In addi-
tion, a lead electrode 211 1s inserted within the aluminum
powder 1n a cantilever fashion during the cold press process
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for mutually communicating electricity. The preferred lead
clectrode 211 1s an aluminum or a tantalum wire but not
limited to the examples provided therein. The preferred lead
clectrode 211 1n the second embodiment 1s a 20 um aluminum
wire to further reduce thickness of components in a capacitor
but not limited to examples provided therein. Moreover, the
preferred capacitor fabricated has high capacitance or low
leakage rate. By etching the aluminum powder unevenly and
cavernously on the surface before the cold press process, the
surface area of the aluminum powder 1s increased, thus pro-
viding improved capacitance.

The compressed aluminum pellet 21 1s further chemically
treated, specifically anodized, to form an oxide coating, spe-
cifically an insulating aluminum oxide film, on the surface of
the pellet 21, thereby forming a dielectric layer 22. Similar to
the first embodiment, the chemical treatment may also use
clectrochemical formation treatment or chemical solution to
control the thickness of the dielectric layer 22 being formed.
The dielectric layer 22 of the second embodiment 1s produced
by an ammomium adipate based, a phosphoric acid based or
the combination solution thereof. An alternative to the chemai-
cal treatment of the second embodiment 1s to immerse the
aluminum pellet 21 1nto an electrolyte bath for cross oxida-
tion, heat treating and therefore producing a dense dielectric
layer 22, specifically an oxidized film.

A conductive polymer layer 231 1s formed on the surface of
the dielectric layer 22, then a carbon gel layer 232 1s formed
on the surface of the conductive polymer layer 231, and a
silver gel layer 233 1s formed on the surface of the carbon gel
layer 232 resulting in a cathode (not marked). Similar to the
first embodiment, the aluminum pellet 21 of the second
embodiment 1s formed with a lead electrode 211 extruding
therefrom 1n a cantilever fashion and resulting 1n an anode
(not marked). As a result, a conductive layer 23 1s formed.

The lead electrode 211 and the conductive layer 23 are
separately and electrically connected to a conductive terminal
such as an anode 25 and a cathode 26 through a conductive
bonding agent. Successively, the lead electrode 211, the con-
ductive layer 23, part of the anode 235 and cathode 26 are
covered by a resin-type coating, cured, and aged to form a
packaging structure 24, thereby fabricating a solid electro-
lytic capacitor 2 of the second embodiment.

A flow chart in FIG. 6 and FIG. 7 illustrate the third
embodiment of the method 1n the instant disclosure. Initially,
a powder of aluminum 1s sprayed onto a sheet of aluminum
and dried through a high temperature sintering process result-
ing with a porous aluminum sintered body. An oxide film 1s
then formed by oxidation on the sintered body resulting with
an anodized foil 31. In addition, a cathodized foil 32 1s also
tormed. Please refer to the first embodiment for the preferred
time and temperature of the high temperature sintering pro-
cess. The aluminum powder may also include titanium or
hydride based sintering agent as the raw aluminum powder.
Moreover, preferred examples of the cathodized foil 32 may
contain carbon, aluminum, and titanium but are not limited to
the examples provided therein.

Next, a preferred spacer 33 or a thin sheet of suitable
materials such as Manila hemp fiber electrolytic paper and a
lead electrode 34 are wound between the anodized fo1l 31 and
the cathodized foil 32 to form a capacitor core 30. The pre-
terred spacer 33 material 1s Manila hemp fiber electrolytic
paper but 1s not limited to the example provided herein. The
preferred thickness of the spacer 33 1s from 30 to 60 um while
the preferred density is from 0.2 to 0.6 g/cm”.

Moreover, the capacitor core 30 1s carbomized or similar
carbonization techniques at a preferred temperature ranging
from 200° C. to 300° C. Sequentially, the capacitor core 30 1s
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immersed into an electrolyte bath to form a dielectric layer.
Consecutively, the capacitor core 30 1s dipped 1nto a polymer
solution, and heat treated to cure after removed from the
solution to form a polymer layer 35 with preferably high
conductivity.

The capacitor core 30 1s housed by an aluminum cover 36.
Then an epoxy resin, a butyl rubber or a preferably suitable
sealant packages and seals the capacitor core 30 and an alu-
minum cover 36 therein while exposing the lead electrode 34,
thus resulting in a package structure 37.

Successively, the package structure 37 1s cured and aged to
form a solid electrolytic capacitor 3 of the third embodiment.
Temperature and time of the aging process may be adjusted
depending on the type, capacity, and voltage of the capacitor.

In summary, the first embodiment 1llustrates the conduc-
tive gel containing aluminum powder partially screen-printed
onto the mnsulating substrate 10, and subsequently high tem-
perature sintering the insulating substrate 10 to form the
aluminum substrate 11. As a result, the fabrication process 1s
simplified, production time i1s reduced, and the yield of
capacitor 1s improved through precisely controlling the thick-
ness and length of the aluminum substrate 11. In the second
embodiment of the mnstant disclosure differs from the first
embodiment 1n terms of the form of aluminum and technique
to fabricate the capacitor, wherein the aluminum powder 1s
cold compressed to form an aluminum pellet 21 instead of
high temperature sintering. Furthermore, the aluminum pow-
der maybe pre-treated to obtain higher surface area to
increase capacitance of the capacitor while aluminum powder
replaces tantalum powder to resolve problems generated dur-
ing the production of tantalum based capacitors. The three
embodiments of the instant disclosure effectively simplify the
tabrication of the solid electrolytic capacitors through alter-
ing the physical and chemical characteristics of aluminum
powder.

The aforementioned 1llustrations and detailed descriptions
are exemplarities for the purpose of further explaining the
scope of the mstant disclosure. Other objectives and advan-
tages related to the istant disclosure will be illustrated 1n the
subsequent descriptions and appended drawings.

What 1s claimed 1s:

1. A method for improving fabrication of solid electrolytic
capacitors comprising the steps of:

providing an 1nsulating substrate;

forming a plurality of aluminum powder containing con-

ductive gel bodies on the insulating substrate, wherein
two adjacent conductive gel bodies define a scribe line
therebetween;

employing a high temperature sintering process to metalize

the conductive gel bodies into a plurality of aluminum
substrates:

forming a dielectric layer on each of the surface of the

aluminum substrate;

forming an 1solation layer on each of the dielectric layer to

define an anodic region and a cathodic region; and

covering the dielectric layer of the cathodic region with a

conductive layer.

2. The method as recited 1n claim 1, wherein the step of
covering the conductive layer includes steps of: forming a
conductive polymer layer on the dielectric layer of the
cathodic region; forming a carbon gel layer on the conductive
polymer layer; and forming a silver gel layer on the carbon gel
layer.

3. The method as recited in claim 2, wherein the carbon gel
layer 1s formed by one of the following: a conductive carbon
gel, and a carbon based paste.
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4. The method as recited in claim 1, wherein the aluminum
powder containing conductive gel bodies comprises:

a thermosetting resin presented from about O wt % to about

50 wt %;

a powder of aluminum presented from about 30 wt % to 5

about 100 wt %:;

a curing agent presented from about 0 wt % to about 50 wt

%: and
an morganic filler presented from about 0 wt % to about 50
wt %. 10

5. The method as recited 1n claim 4, wherein the particle
s1ze of the aluminum powder ranges from 0.05 to 5 um.

6. The method as recited 1in claim 1, wherein the conductive
gel 1s formed on the insulating substrate via partial screen
printing and the temperature and the time of the high tem- 15
perature sintering process ranges from 300° C. to 550° C., and
from 0.5 hour to 1.5 hours, respectively.

Gx e * % s
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